In 1976, however, two separate studies found evidence which suggests that the money demand relationship had broken down around 1973. Both Enzler, Johnson, and Paulus (EJP), and Goldfeld found that the traditional transaction money demand relationship significantly overpredicted post-1972 real money balances .~Being unsuccessful in attempting to explain the decline statistically, both studies concluded that there had indeed been a downward shift in the relationship over this period.
This conclusion recently has come under attack in a number of studies which resurrect concern about the appropriate money demand specification. These studies argue that other specifications of the money demand relationship do not indicate any recent breakdown. This article provides a critical review of the existing evidence on the issue of the temporal stability of the money demand relationship. Various money demand specifications are examined in terms of their dynamic out-of-sample predictive ability over the post-1972 period and more formally through the use of the Brown-Durbin-Evans (BDE) cusum-squares tests. 4
The forecasting ability of these alternatives is compared using a common sample period, data base, and means of generating post-sample predictions.
The basic Goldfeld equation, which posits a real adjustment lag, provides the standard of comparison for alternative money demand specifications.
5 The real adiustment version of the Goldfeld specification is (1) In (~)) = a 4 + a, lay, + a, In CPR, + a, In RTD + a 4
in (~-~) + v,, where M = nominal Ml balances, P = the general price level (the implicit GNP deflator), y = real income (real GNP), CPR = the commercial paper rate, RTD = the rate on time deposits, V = an error term. 6
The first row of table 1 reports the coefficient estimates and summary statistics for this money demand specification. All estimates shown are for the sample period II/1955 -IV/1972 and are based on the Cochrane-Orcutt (CORC) estimation technique. In addition, table 1 reports the root-mean-squared error (RMSE) of the dynamic post-sample simulations (I/1973-I/1977) .5
The equation hypothesizes that the real money stock only partially adjusts to the desired level in the current quarter (the desired level being determined by real income and the two contemporaneous interest rates). Another popular version of the partial adjustment process hypothesizes that the nominal money stock partially adjusts to the desired level within one quarter. This version is similar to equation 1 in all respects except that the lagged money stock variable is divided by the contemporaneous price level. It should be noted that Coldfeld found the nominal adjustment mechanism slightly preferable in terms of out-of-sample forecasting ability. We use his real version, however, since it has become the standard reference equation io most studies considered here. "Since Goldfeld estimates equation 1 by the Cochrane-Orcutt (CORC) estimation procedure, he implicitly assumes v, = p v,-, + a,, where p is a constant and a is an error term with classical properties. In theory, the coexistence of a lagged dependent variable and serially correlated error terms casts doubt about the consistency and efficiency of CORC estimates. However, the work of Laumas-Spencer suggests that the gains from more elaborate estimation procedures are small. See C. S. Laumas and David E. Spencer, "The Stability of tile Demand for Money: Evidence from the Post-1973 Period," unpublished manuscript, 1979 Two important points about the post-sample simulations need to be noted. In the first place, the simulations are based on the transformed equation, in which the autocorrelation in the error terms is explicitly recognized. In other words, the forecasts are based on the equation
ln T_ -pIn -p--+pln where~is the cstimated serial correlation coefficient and~,
Although the sample period is slightly different, the results for this equation are similar to Coldfeld's. The estimated coefficients all have the anticipated sign and are significantly different from zero. These estimates reveal that more than one-third of the desired change in the money stock is completed within one quarter and that the long-run income elasticity is 0.54. The resulting large RMSE for the dynamic simulation demonstrates a marked deterioration in the relationship after 1972. A comparable simulation over the period IV/1968-IV/1972 yielded an RMSE of only 2.33 -merely one-tenth of that found for the post-1972 period.
One of the earliest rebuttals to the instability claim came from Hamburger, who contended that EJP and Coldfeld were too restrictive in their choice of asset yields hypothesized to affect money demand.~He argued that the exclusion of long-term asset yields from the specification was both theoretically and empirically unjustified.
To support his argument, Hamburger incorporated long-term government bond yields and the common stock dividend-price ratio in estimating an altered version of th~MPS (MIT-Pennsylvania-Social Science Research Council) money demand equation. The adapted specification used by Hamburger was (2) in (J~!L)~o+ f3,InRTD, +~%lnDPR. + P,y, 13, In RGL. + 13.ln
where DPR is the dividend-price ratio on common stock, RCL is the yield on long-term government bonds, e is an error term, and other variables are as previously defined.
Estimation results for this equation are reported in the second row of table 1.°These results, similar to (1 = 0 4) is the estimated regression coefficient. It is unclear from the cited studies whether such a procedure is commonly followed, Second, the RMSE for each equation is detennined by comparing the actual money stock with the nominal level simulated by each equation. Many previous studies use the real money stock and projected real balances as the source of comparison.
The endpoint of our sample period (1/1977) was chosen to enhance the comparability between our findings and others considered here. Also, the series for net wealth used in this study was available only through 1/1977. Michael J. Hamburger, "Behavior of the Money Stock: Is There a Puzzle?" Journal of Monetary Economics; (No, 3, 1977), pp. 265-288. This equation is based on the non,inal adjustment mechanism discussed in footnote 5. We also estimated the equation assuming a real adjustment mechanism in which the lagged money stock is deflated by the term (P,, y,) . Except for the coefficient on the commercial bank passbook rate, which was insignificant ly different from zero, the coefficient estimates were similar to those reported in table 1. However, the RMSE increased dramatically to 14.59 when the real adjustment version was employed. criticized for excluding short-term rates other than the passbook rate. This exclusion creates problems when Important differences between the Goldfeld and Regulation 9 prevents the commercial passbook rate Hamburger estimation results should be noted, howfrom moving in step with other short-term yields. ever. First, Hamburger s specification implies that less Thus Hamburger has no good proxy in the equation than 10 percent of the change in the desired money to nick up movements in freely fluctuating short'term stock occurs within one quarter, much slower than the 34 percent adjustment suggested by Goldfeld.
t°y iel
In addition, Hamburger's specification, by excluding Friedman has criticized Hamburger's conclusion that real income as a separate independent variable, has long-term asset yields provide the key to understandconstrained the long-run income elasticity to be ing the recent money demand problem. Xln-~c 13, ± 13, In RTD, + 13,InDPR, ± 13, In RGL, + e, P,y, '°It is interesting to note that the relatively slow speed of adjustment foi,nd for this specification is not wholly attributable to the use of a nominal adjustment specification as has been found in other cases. When Hamburger's equation is reestimated using a real adjustment mechanism, the estimated speed of adjustment declines to 7 percent per quarter. "This may be shown formally by considering the nominal adjustment mechanism used by Hamburger:
which, after taking the logarithm and rearranging, yields
Returning to equation 2 in the text, we see that Hamburger's specification implies, 1W and 13. = 1 -X. From this it is clear that a~iy,' = 1, so that Hamburger's equation constrains the long-run income elasticity to be unity. Hamburger's specification can be criticized further on the grounds that he includes a real rate of return when a nominal rate is appropriate. on this finding, he conjectured that". . . Hamburger's proposed solution for the mystery of the missing money is simply a disguised story about the role of wealth in the money-demand function, and that the solution works better without the disguise." 3
Were this true, however, one would also expect the inclusion of a wealth measure in a conventional equation (such as Goldfeld's) to yield more reliable postsample forecasts. The estimated results for such a specification are reported in the third row of table 1. Although the wealth variable (measured here by household net worth) does have a significant effect on money demand, it does little to improve postsample predictions.
These results do not support Friedman's interpretation of Hamburger's finding. ' 4 According to this interpretation, the inclusion of a wealth variable in any specification should improve the equation's predictive ability. When incorporated in Goldfeld's equation, it did not. This suggests that the inclusion of a proxy for real wealth is not the crucial feature of Hamburger's specification.
Laumas and Spencer examined the applicability of permanent income -measured as an exponentially weighted average of past values of real GNP -as the scale variable in the money demand relationship.' 5
The relevance of such a variable is explored in the fourth row of table 1.16 The estimation results of this equation are similar to Laumas and Spencer's. They imply a slow speed of adjustment (8 percent per quarter), similar to that of Hamburger's specification. On the other hand, the coefficient estimates yield a long-run permanent income elasticity that is less than unity (0.74). This specification, however, performs worse than the original Goldfeld equation over the post-sample period which suggests that permanent income, at least measured adaptively, is not a solution to the puzzle. Our findings (not detailed here) further indicate that this conclusion is insensitive to the measurement of interest rates. An examination of the forecasting ability of these alternative money demand equations indicates that the inclusion of neither permanent income nor wealth in the conventional equation significantly improves post-sample forecasts. Also, while the addition of purchase agreements to Ml improves the post-sample predictions, the significance of the improvement mains unclear. Although Hamburger's specification does a superior job in forecasting money balances, the source of the improvement is puzzling.
As noted in the previous section, Hamburger's specification performs quite well in predicting post-1972 money balances. His specification, however, differs from the conventional equation not only in its incorporation of long-term asset yields, but also in its treatment of the long-run income elasticity and its exclusion of short-term interest rates, Consider, first, the issue of the long-run income elasticity. Hamburger's specification constrains the long-run income elasticity to be unity while the others suggest that the long-run income elasticity is signifi-'~GillianGarcia and Simon Pak, "Some Clues in the Case of the Missing Money," American Economic Review, Papers and Proceedings (May 1979) These estimation results are reported in the second row of table 2. The estimated coefficient on real income is negative and significantly different from zero, which suggests that the long-run income elasticity is less than unity. In fact, the estimation results indicate that this parameter is 0.52 -not much different from Goldfeld's equation. Incorporation of real income into the specification yields a larger estimate of both the speed of adjustment and the short-mn interest elasticity on the time deposit variable. Also, the standard error of the equation is reduced slightly upon the relaxation of the income elasticity constraint. Thus, on empirical grounds, there is no apparent justificaInif real income is included in the specification as a separate variable, we have, following footnote 11, Finally, note that the forecasting accuracy of this general specification (in terms of the RMSE) declines markedly relative to Hamburger's original specification. This suggests that an important characteristic of Hamburger's specification -as far as predictive ability is concerned -is the imposed income elasticity constraint, 20
Unlike most other specifications, which ignore longterm asset yields, Hamburger's equation excludes both short-term interest rates and (since nominal rates should incorporate expected inflation) short-term inflationary expectations as well. Row three of table 2 enumerates the results of adding the commercial paper rate to Hamburger's specification. As far as sample period estimation is concerned, this short-term rate has a significant negative impact on money demand. However, the estimated coefficient on the long-term government bond yield now becomes insignificantly different from zero. As observed when the real income variable was added, the inclusion of the commercial paper rate tion constrains 13, to be zero, implying a long-mn income elasticity of unity), 20 As far as static predictive ability is concerned, Hamburger's specification can be further improved by constraining the income elasticity to values in excess of unity. See Scott E. Hem, "Empirical Evidence on the Macroeconomic Demand for Money Relationship in the United States," (Ph.D. dissertation, Purdue University, 1979). Hem argues that these forecasts are accurate because the specification is essentially an autoregressive process.
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improves the sample period fit, but only at the expense of post-sample predictive ability. Exclusion of short-term interest rates from the specification, although empirically unjustified, is partially responsible for Hamburger's superior forecasting results.
The addition of both real income and the commercial paper rate to the basic Hamburger specification has a significant impact on both sample period and post-sample period findings, as shown in row four of table 2. The coefficients on both variables have the anticipated signs and are statistically significant. The estimated coefficient on the lagged money term is smaller than that of the original specification, which suggests a quicker speed of adjustment. Also consistent with the Coldfeld equation results, the long-run income elasticity is estimated to be 0.62. Once again, the addition of these vanables produces both a decline in the sample-period standard error of the equation and a deterioration in the equation's post-sample predictive ability. In this specification, though, the deterioration is so marked that the RMSE is larger than that of the original Goldfeld equation.
The preceding results suggest that crucial to Hamburger's forecasting accuracy are (1) his treatment of the long-run income elasticity and (2) his exclusion of short-term interest rates, not the incorporation of longterm asset yields as he argues.
21 This also explains why the substitution of a wealth variable in Hamburger's specification yields accurate post-sample predictions, while its inclusion in the Coldfeld equation does not.
In the course of reviewing evidence on the temporal stability of the money demand relationship, this discussion like most recent literature has emphasized the relative post-1972 forecasting ability of alternative money demand specifications. This basis of comparison, however, assumes that the equation which performs best in terms of yielding the smallest postsample RMSE is the most stable relationship.
The inappropriateness of such an assumption should be obvious. If one is concerned with the temporal stability of a given relationship, one should be concerned 21 All versions of the original Hamburger specification considered ill table 2 were also estimated assuming a real rather than a nominal adjustment mechanism, The results, available from the aothors upon request. were similar in most respects to those reported above.
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with the predictive ability of that specification at different points in time, not its predictive ability relative to other specifications. Evidence that a given equations predictions over a certain time interval are inferior to its predictions at earlier lime periods (especially when such predictions are consistently to one side of the actual values) is highly suggestive of a breakdown in that relationship. A comparison of the predictive ability of any two equations over a given time period, however, will not allow one to deduce anything about the temporal stability-of either equation.
In order to redirect attention to the basic issue of temporal stability, an alternative criterion to that of examining the relative forecasting ability of alternative specifications is now applied. This alternative test procedure will be used to examine the temporal stability of each specification discussed earlier.
The test used here is formulated and described in Brown, Durbin, and EvansS 1 To test the hypothesis of coefficient stability statistically, the BDE test requires the calculation of the one-period-ahead forecast error of each specification. This prediction error is based on a regression over the time period 1 to r, where r = k + I,..,, T (k is the number of regressors, including the constant, and T is the sample size). In other words, if k is equal to, say, five, then the first one-period-ahead prediction error would be based on a regression estimated over the sample 1 to 6. The second prediction error is based on the regression estimated over the sample I to 7 and so on until the end of the sample (T) is reached.
The BDE statistic used, called the cusum-squares statistic, may be written as
where w~represents the squared one-period-ahead prediction errors. The cusum-squares statistic is essentially the ratio of the squared one-period-ahead prediction errors based on the sample period k + I to r, to the squaied one-period-ahead prediction errors based on a regression estimated over the sample pe- nod k + I to T -the Sr statistic is compared to a In general short run nu omi t 1 ist'n sty du lm s sig critical value and, if the estimated relationship is nificantly as the sample period is extended, For exstable, the value of S. will be less than the predeample, when the income elasticity is freely estimated termined critical value.
24 This test may be illustrated using the Hamburger specification (inclusive or exclugraphically by plotting Sr against time, along with sive of the commercial paper rate), the estimated parallel sets of significance lines which provide the coefficient on the income term becomes statistically statistical "boundaries" used to indicate a break point insignificant and, in the latter equation, even takes at that given level of statistical significance.
on the "wrong' sign.
Before applying the cusum-squares test, it was necAnother common feature of the full sample period essary to estimate each of the alternative specifications results is the increase in the magnitude of the coeffiover the entire sample period (11/1955-1/1977) . These dent on the lagged dependent variable. This pheregression results are presented in table 3. In comparnomenon, which has been found in previous studies, ing the whole period regression results with those of indicates a slower speed of adjustment. 25 In the Friedthe II/1955-IV/1972 period shown in table 1, several man specification, which incorporates the wealth vanchanges are noticeable. In many cases, the full sample able, the lagged term coefficient becomes greater than estimation results, in and of themselves, indicate a unity, defying any meaningful interpretation within breakdown in the money demand relationship.
the stock-adjustment framework.
tm3 For a critical evaluation of the power of these tests, see K.
In general, many of the interest rate coefficients pas book rate shows a marked decline in a majority of the estimations, sometimes being insignificantly different from zero. In addition, the coefficient on the long-term government bond yield in all variations of the basic Hamburger specification fails to attain statistical significance over the longer sample period.
In contrast to the other money demand specifications, the Garcia-Pak and Goldfeld coefficient estimates are similar over both sample periods. The magnitudes of Garcia-Pak's lagged term, income, and time deposit rate coefficients all appear to change little when the 1/1973-1/1977 observations are included. The largest change occurs for the coefficient on the commercial paper rate which declines by 30 percent when coinparing the II/1955-IV/1972 results with those for 11/1955-1/1977 . Given certain reservations about this specification (see footuote 18), however, these results should he interpreted cautiously.
The coefficient estimates for Goldfeld's specification appear to be as stable as Garcia-Palm's. For instance, the estimated speed of adjustment for the fnll sample period regression is .358 compared with .335 for thc II/1955 -IV/1972 period. Given the rclative stability of the other estimated coefficients, it is clear that the long-run elasticities for the interest rate variables do not vary dramatically between the two sample periods, For the commercial paper rate, the long-run elasticities are .036 and .048 for the 11/1955-1/1977 and 11/1955-1V/1972 periods., res 1 )cctively. The same measures for the time deposits variable are .140 and j19. The change in the estimate of the long-run income elasticity is slightly larger. For the early sample period this parameter was .528, compared with .430 over the full sample period-While this change may be significant, it is clearly smaller than that observed for the other specifications.
In order to carry out the cusum-squares test, it was assumed that the autocorrelation coefficient for each specification (given in table 3) was constant over the entire sample period. This assumption allows the transfonnation of the dependent and all independent variables to correct for serial correlation in the errors. This transformation was accomplished by subtracting the product of the estimated rho coefficient and the variable's previous value from the current value of the variable.
2°S pecifically, this procedure is given by the relationship
where Xt represents the transformation of the variable xt and~is the estimated antocorrelation coefficient.
The statistical results for the cusum-squares tests are presented in table 4. These tests indicate that several specifications are unstable over the full sample period: Hamburger with CPR (at a significance level of 10 percent), Unconstrained Hamburger with CPH (5 percent), Friedman (1 percent), Garcia-Pak (1 percent), and Launius-Spencer (5 percent). Perhaps the most interesting finding is that the Goldfeld specification demonstrates no structural instability' using this test. Indeed, the null hypothesis of stability cannot be rejected even at the 10 percent level of significance. 27
\Vhile the statistical tests reported in table 4 indicate which equations demonstrate structural instability in the regression relationships over the entire sample period, they do not locate the probable point of departure from constancy. Such information is provided by charts 1-5. In each chart, the sample cusumsquares statistic (Sr) is plotted against time for each specification in which the hypothesis of stability was rejected by the cusum-squares test, In addition to the itiSueh a transformation \vas required since the BDE tests asNi sue that the errors are serially independent. If the serial coefficient is constant throughout the period, this transfoi'matinn yields serially independes it error tenns. This transforination, abs ig with tise presence of a lagged dependent variable, introduces nonstoehastic independent variables, violating one assumption uf the BDE test. I lowever, we know of no other stabibty test that adequately deals with such problems. It should he further noted that the BDE test is derived i'm the assi smptiois that the variance of the errors arc equal. iss the ease of money cleman ml, the gemseral isstrease in the stamsdam-d error of the eqs satioss when the sample period is extended casts cursory doubt on this assumption. 'As regards the BDE tests for the Coldfeld equation, else should recall the above transformation required by the serially dependent error terms. In performing this transformation we took the rho valise from In summary, these results indicate that many of the money demand specifications which have been offered as possible explanations of the missing money puzzle have actually been subject to significant structural changes over the 11/1955-1/1977 sample period, A most interesting finding is that the regression coefficients on the Goldfeld specification do not change markedly when the sample period is extended to include the post-1973 period. In addition, when the autocorrelation coefficient was constrained to be 0.92, the equation did not indicate instability according to the cusmn-squares test.
This article has examined the temporal stability of several alternative money demand relationships. Recent literature on money demand has drifted away from this concern and has focused too narrowly on the issue of predicting post-1972 real money balances. The formal test results presented in this article suggest that such a shift in emphasis has been misleading. rate post-1972 forecasts relative to those found for the real adjustment version of the Goldfeld specification, none of the modifications which stood up under critical review was temporally stable over the entire 11/1955-1/1977 sample period. The modifications considered here included changing the measurement of the scale variable, broadening the asset range to include long-term yields, and redefining money to incorporate repurchase agreements.
The test employed in this paper (the BDE cusumsquares test) did not allow ns to reject the hypothesis that the underlying relationship between the predetermined variables and real money balances, given by the conventional Goldfeld specification, was stable. In fact, the regression coefficients for the sample period including the turbulent period 1/1973-1/1977 were markedly similar to those found when the sample period was ended in IV/1972. This finding indicates that the purported breakdown in this specification was overemphasized as a result of the reliance on the shortterm predictive ability of the equation. In terms of policy implications, this finding suggests that longterm monetary policy prescriptions based on the assumption of a stable money demand relationship will be more reliable than previous analysis has implied. 
